Abstract The compilation of papers in this Special Issue (SI) derives from a Symposium at the 25th
Introduction
Biological control of weeds, based on applications of ecological, evolutionary and experimental science, is a highly successful discipline with a rich history, going back over 115 years. It is a global practice: the development of every weed biological control organism, and its subsequent release in the country of introduction, requires collaborative research on at least two continents and typically includes the involvement of several countries. Weed biocontrol practitioners, comprising researchers, land managers and policy makers, constitute a community with a shared goal, namely the suppression of invasive alien plants in agriculture and in conservation areas, through the deployment of suitably-tested and environmentally safe (i.e. sufficiently host-specific), plant-feeding insects, mites and pathogens.
A complete record of every deliberate instance of weed biocontrol, worldwide, up to December 2012 (see Table 1 in Winston et al. 2014 ; and updated at http://www.ibiocontrol.org/catalog/) has been compiled in the expansive 5th edition of 'Biological control of weeds-A world catalogue of agents and their target weeds'. This compilation records successes and failures, with accounts of the circumstances in each case, and a summary of the information by Schwarzländer et al. (2018) is the subject of the opening paper in this Special Issue of BioControl.
Perceptions of risk in weed biological control
Challenges to biological control generally, including biocontrol of insect pests (using mostly predators and parasitoids), and to weed biocontrol, were catalyzed by Howarth (1991) and led to a burgeoning literature debating the unanticipated and detrimental impacts of biological control agents on non-target organisms (e.g. Follett and Duan 2000; Wajnberg et al. 2001) . Even though biocontrol of insect pests is clearly distinct from the biocontrol of weeds, operating on systems at different trophic levels, the two are often confounded, and flawed conclusions from invalidly-combined data sets have exacerbated the doubts that have arisen about the risks posed by weed biocontrol (Moran et al. 2005 ). Howarth noted ''…the greater care and stricter guidelines required for the introduction of herbivores [as agents] …' ' and Waage (2001) observed that ''A tradition of safety […] happened more rapidly with some kinds of biological control than with others. Specificity testing in weed biological control developed most rapidly, simply because of the more obvious threat which introduced plant feeding insects posed to crops, relative to the predators or parasitoids of insect pests.'' Thus, weed biological control practitioners have been acutely aware of non-target risks, and have undertaken research and implementation within carefully-appraised and steadily improved riskmanagement frameworks (Sheppard et al. 2003; van Driesche et al. 2010; Hill et al. 2013) . As a result, almost all of the non-target effects observed have been predictable (Pemberton 2000) , and after at least 1555 deliberate releases, globally, of 468 species of weed biocontrol agents , detrimental outcomes have been rare (Suckling and Sforza 2014) .
Nonetheless, no enterprise is risk-free and some releases of weed biocontrol agents have been made which were unwise. In particular, two cases have gained notoriety: the cactus moth Cactoblastis cactorum (Berg) (Pyralidae) was released in the Caribbean Islands in the late 1950s and, by 1989, it had spread, or been inadvertently imported, to the USA; and a thistleweevil, Rhinocyllus conicus (Frölich) (Curculionidae), that was released in Canada and the USA in the late 1960s. Both species are oligophagous and they now pose a threat to populations of some species of native cacti and thistles, respectively, in the USA. These cases have seriously damaged perceptions of weed-biocontrol safety, resulting in highly risk-averse regulatory structures that have slowed the development of weed biocontrol, worldwide (Sheppard et al. 2003) , and contributed to declines in the numbers of scientists involved in this practice (Moran and Hoffmann 2015) .
Weed biocontrol in the USA and Hawaii, and to a lesser extent in Canada, has been most profoundly and negatively affected by regulatory and political constraints. Since 2010, only nine weed biocontrol agent species have been released in the continental USA and Hawaii (compared to 59 in the decade from 1990 to 1999), seven species were released in Canada, and seven in Australia, 13 in New Zealand, and 24 in South Africa. Not a single new weed biocontrol agent species was approved for release in the USA or Hawaii between 2011 and 2015 (USDA 2017), and, for the first time, a year has passed (in 2017) with no petitions for release of weed biocontrol agents having been submitted to the relevant regulatory agencies in the USA.
It is in this overall context that a symposium entitled ''Rise or demise? A global outlook on the future of classical biological weed control'' was held at the 25th International Congress of Entomology in Orlando, Florida, USA from 25 to 30 September 2016. The ICE2016 symposium proceedings, and the sample of key papers arising from it that are presented in this Special Issue, reflect the varying responses of the major implementing nations to the challenges and circumstances facing the discipline.
Facing the challenges: responses of the main implementing nations
Given the protracted problems facing weed biocontrol in the USA and Hawaii, especially, it is not surprising that the emphasis in this Special Issue is provided by authors from the USA writing on risk assessments, conflicts of interest and regulations, and on the considerable complications of dealing with agenthost-fidelity for taxa at sub-specific levels (Bean and Dudley 2018; Casagrande et al. 2018; Smith et al. 2018) , and on innovations to expand host-specificity procedures, to help make them more definitive (Park et al. 2018; Blossey et al. 2018) . Two papers in this Special Issue have wide applicability: Schaffner et al. (2018) review and assess the use of open-field testing in risk assessments, and Blossey et al. (2018) argue that the use of long-term, plant demographic data should be an essential practical and conceptual component in debates on host-specificity, risk assessments, and in the evaluation of weed biological control in management programs. Presenting a glimpse of the obverse of the coin, two further papers highlight successful contributions to weed biological control in the USA: Pitcairn (2018) It is ironic that Australia who, in the 1920s, in their programs against invasive cacti, provided the most spectacularly successful and extensive weed biocontrol success ever recorded, have also seen sharp declines in support for weed biocontrol and in the rate of agent releases, over the past decade . Partly, at least, this has been the result of political and regulatory wariness based on the ambivalence of scientists globally about the non-target debate. Since about 2007, large, long-term, highly successful federally-funded programs in Australia have not been renewed and, consequently, personnel numbers were so drastically cut that adequate maintenance of research impetus and infrastructure (e.g. quarantine facilities) has been extremely difficult (Palmer et al. 2014) . These restraining circumstances have been partly offset, since 2015, by significant new federal and state-level funding. Equally important, perhaps, is that regulators of biological control are now actively re-engaging with weed biocontrol scientists to ensure the sustainable use of this practice in weed management.
New Zealand, in contrast to the regressions in the USA, Hawaii, Canada and Australia, continues to set the standard for cooperative and effective weed biocontrol. Their research programs are still well funded from diversified private and government sources ) and, albeit not without administrative hurdles nor absolutely guaranteed, currently their research and implementation efforts are supported for periods of up to seven years. Two new quarantine facilities have recently been builtone for pathogens (Fowler SV, pers. comm.) and an impressive range of weeds has been targeted , and reported in a series of high-quality publications. Recently their operations have expanded to include some Pacific countries. Crucially, since 1998, when other countries have been variously mired in regulatory strictures, New Zealand has been operating under regulatory processes that are ''stable, effective and manageable'' and are based on the foundational premise that ''the benefits of introduction [of new organisms] must outweigh any risks …'' (Hill et al. 2013) , and Paynter et al. (2018) elaborate on research initiatives in New Zealand aimed at making weed biocontrol even safer and more effective.
South Africa has also made considerable progress, driven by an imperative to accelerate the management and suppression of problematic plants. It seems that the damage wrought by alien invasive plants to the South African economy and to livelihoods is more evident and consequential than that in many other countries: agriculture, water supplies, and conservation programs have been severely impacted, all of which has been exacerbated by more frequent and more devastating wild fires. Consequently, politicians have strongly supported the notion advanced by scientists that long-term suppression of invasive alien plants will not be possible without the inclusion of biological control in management practices (Moran et al. 2005) . This has meant that, since 1995, the government has generously supported weed biocontrol, although the inertia and convolutions of the regulatory processes slowed weed biocontrol efforts for several years. South Africa has five weed biocontrol facilities, with satellite mass-rearing stations, targeting a wide array of invasive terrestrial and aquatic weeds. Personnel numbers (researchers, support staff, and implementing officers) have increased significantly over the last two decades. Recently, new, expansive and excellent quarantine and mass-rearing facilities have been built, supplemented by upgrades to separate amenities to handle pathogens. In October 2017, a major university-based institute, the Centre for Biological Control, was officially inaugurated (Hill MP, pers. comm.) which, as Martin et al. (2018) describe, has a long-standing and strong commitment to involvement by the wider community via a suite of innovative school-and adult-outreach-programs and educational initiatives.
Conclusions
It is clear that the considerable constraints in the USA and Hawaii (and to a lesser extent, in Canada and Australia) over the last two decades have shed a pessimistic light on the entire practice of weed biocontrol worldwide. Our impression, however, is that a nadir has been reached and that the precedents of the highly successful programs in New Zealand and South Africa, and early signs of rejuvenation of the discipline in Australia, lead to optimism. This confidence is given considerable added weight by the recent, intentional implementation of weed biocontrol in England and Portugal (Shaw et al. 2018 )-an involvement which took a decade to gain approval from the European Union authorities, but it is undoubtedly a major step forward. It is also most encouraging that Argentina and Brazil, that have long been crucially-important source nations for weed biocontrol agents, have now become the first countries in South America to commit to the implementation of weed biological control in their homelands (e.g. McKay et al. 2018) .
In spite of the multifaceted challenges and constraints facing biological control, generally and globally (Barratt et al. 2018; Messing and Brodeur 2018) , absolute necessity and pragmatism in the face of increasing threats from alien invasive plants will ensure the eventual renaissance of weed biocontrol as a practice. If the proceedings at the ICE2016 Symposium, and the publications in this Special Issue of BioControl serve to offer a balanced and optimistic prognosis and provide an added impetus for weed biocontrol, then all these initiatives will have been worthwhile.
